Introduction
============

Osteosarcoma is a very common malignant tumor in orthopedics and often occurs in children. Surgery is the most common method for the treatment of osteosarcoma ([@b1-ol-0-0-11197]). Amputation is mainly to achieve therapeutic purposes, which is one of the main reasons for the poor life quality of patients with osteosarcoma ([@b2-ol-0-0-11197]). Therefore, early diagnosis and conservative treatment of osteosarcoma is particularly important for the clinic. At present, researchers world-wide are striving to explore the possible serum markers in osteosarcoma ([@b3-ol-0-0-11197]--[@b5-ol-0-0-11197]), but still have not made a significant breakthrough. Studies have pointed out that the median survival time of patients with advanced osteosarcoma is only \~20 months ([@b6-ol-0-0-11197]). Therefore, in-depth understanding of osteosarcoma and the search for potential diagnostic targets are currently under intense investigations ([@b7-ol-0-0-11197],[@b8-ol-0-0-11197]).

With the deepening of research, increasing number of studies have pointed out that the occurrence of osteosarcoma may be related to microRNAs (miRNAs) ([@b9-ol-0-0-11197],[@b10-ol-0-0-11197]), which are widely distributed in tissues and cells. They play an important role in a series of biological activities such as cell proliferation, apoptosis, metabolism and differentiation ([@b11-ol-0-0-11197]). As a non-coding single-stranded tiny molecule RNA, miRNA is composed of 21--25 nucleotides. Through the combination of incomplete complementary sequences with the 3′ untranslated region (3′UTR) sequence of target mRNA ([@b12-ol-0-0-11197]), miRNA can inhibit mRNA translation or lead to direct degradation of miRNA level, indicating the influence degree of post-transcriptional gene silencing ([@b13-ol-0-0-11197]). Previous studies have shown that a variety of miRNA molecules are abnormally expressed in osteosarcoma tissues and cells and are closely related to invasion, proliferation, apoptosis and drug resistance of osteosarcoma cells ([@b14-ol-0-0-11197]). Among them, miR-144 has been used as a molecular diagnostic marker for colon cancer in clinic ([@b15-ol-0-0-11197]). However, whether miR-144 affects the biological function of osteosarcoma cells remains unknown and the mechanism is still unclear.

Therefore, this study investigated the influence mechanism of miRNA-144 on the proliferation and apoptosis of osteosarcoma cells, in order to provide a reference for early diagnosis and targeted therapy of osteosarcoma.

Patients and methods
====================

### Baseline data

A total of 51 cases of osteosarcoma tissue samples were collected in the department of orthopedic surgery, Xuzhou Children\'s Hospital, Xuzhou Medical University from January 2014 to February 2017. Further 48 cases of normal bone tissue (from tumor lesions \>5 cm) samples were collected. In the 51 cases of osteosarcoma, there were 27 males and 24 females. In addition, serum of 51 patients with osteosarcoma and serum of 48 normal persons were collected. The average age was 20.63±4.63 years.

### Inclusion and exclusion criteria

Inclusion criteria: No radiotherapy, chemotherapy or immunotherapy before surgery; all patients were treated surgically in the above hospital and osteosarcoma and normal bone tissue samples were confirmed by pathology; postoperative tissue samples were marked and saved immediately in liquid nitrogen; clinical data is complete; the study was approved by the hospital ethical committee and and the subjects signed a full informed consent.

Exclusion criteria: Patients with other malignant tumors; patients with liver and kidney function disease; hematological systemic disease; psychical disease; patients with infection before admission; systemic autoimmune diseases.

### Culture and transfection of cells

HFOB1.19, MG-63, U2-OS were inoculated into the culture dish. RPMI-1640 medium containing 15% fetal bovine serum and 1% penicillin-streptomycin was added to the cell culture incubator at 37°C, 5% CO~2~. It was cultured under constant temperature and saturated humidity. Liquid was changed, routine trypsin digestion and passage were conducted. Then cells in logarithmic growth phase were taken for follow-up experiments. The cells were inoculated into a 6-well plate at a concentration of lx10^5^ cells/well and cultured until the degree of fusion reached 60--70%. The cells were divided into 3 groups. miR-144 mimics (50 pmol/l) and 10 µl Lipofectamine 2000 were added to the mimics group. miR-144 inhibitor (50 pmol/l) and 10 µl Lipofectamine 2000 were added as the inhibitor group. miR-144 negative control (50 pmol/l) and 10 µl Lipofectamine 2000 were added to the NC group (negative control fragment), respectively. Cells were transfected by Lipofectamine 2000 kit. The procedure was carried out in strict accordance with the kit instructions. The primers were transfected into cells with the highest differential expression.

Detection method
----------------

### qRT-PCR detection

Total RNA was extracted from tissues and cultured cells by using a TRIzol extraction kit (Invitrogen; Thermo Fisher Scientific, Inc.). The concentration and purity of RNA were detected by using a NanoDrop 2000 ultraviolet spectrophotometer. RNA was reverse transcribed into cDNA according to Takara reverse transcription kit (Invitrogen; Thermo Fisher Scientific, Inc.) and the synthesized cDNA was stored at −20°C for later use. Primers: U6 as internal reference, miR-144 upstream, 5′-GCTGGGATATCATCATATACTG-3′ and downstream, 5′-CGGACTAGTACATCATCTATACTG-3′; U6 upstream, 5′-CTCGCTTCGGCAGCACA-3′ and downstream, 5′-AACGCTTCACGAATTTGCGT-3′. The primers were designed and synthesized by Shanghai GenePharma Co., Ltd. The reaction was carried out on an ABI PRISM 7500 fluorescence ration PCR instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.). The PCR amplification cyclic conditions were: Pre-degeneration at 94°C for 30 sec, degeneration at 94°C for 5 sec, annealing and extension at 60°C for 30 sec, for a total of 40 cycles. Each sample was tested 3 times and the relative expression of the gene was expressed by 2^−ΔCT^ after numeration.

### WB detection

Total protein was extracted by RIPA lysis from each group of cells after culture. Protein concentration was detected by BCA. The protein concentration was adjusted to 4 µg/µl. Then electrophoresis was used with 12% SDS-PAGE and transferred to PVDF film after ionization, then dyed with ponceau working fluid, soaking and washing in PBST for 5 min, and blocked with 5% skim milk powder for 2 h. First antibody (1:1,000) was added and sealed overnight at 4°C. The first antibody was removed by washing the film, and horseradish peroxidase conjugated goat anti-rabbit second antibody (1:5,000) was added, incubated at 37°C for 1 h, and rinsed 3 times with PBS for 5 min each time. Development was carried out in a darkroom and the excess liquid on the film was dried with filter paper. The ECL was illuminated and developed. The protein bands were scanned and the gray values were analyzed in the Quantity One. Relative expression level of its protein = the gray value of the target protein band/the gray value of the β-actin protein band.

### Detection of cell proliferation-8 (CCK-8)

After 24 h of transfection, the cells were collected and adjusted to 4×10^6^ cells. The cells were diluted into a cell suspension of 5×10^5^ cells/ml and 100 µl of the cells were collected and inoculated into a 96-well plate. After cultured for 24, 48, 72 and 96 h, 10 µl CCK solution and 90 µl basic medium were added to each well. Detection solution was prepared according to CCK-8 solution: Culture solution, 1:9. 100 µl of the test solution was added to each well, incubated for 2 h and cultured at 37°C for 2 h. Then the OD value of each group was measured under the absorbance of 570 nm by using enzyme-labelling measuring instrument.

### Detection of apoptosis by flow cytometry

The cells were removed after transfection for 48 h and digested by trypsin, and then washed twice with PBS after digestion. Binding buffer (100 µl) was added to collocate a suspension of 1×10^6^ cells/ml. Annexin V-FITC and PI were added and incubated at room temperature for 5 min away from light, and then placed in flow cytometer tube. FACSCanto flow cytometry (Becton-Dickinson) was used to complete the detection within 1 h. The experiment was repeated three times. Annexin V single-staining indicated early apoptosis of cells. Annexin V/PI double staining indicated advanced apoptosis of cells.

### Main instruments and reagents

UV-Spectrophotometer (NanoDrop 2000; Beijing Keyi Xingye Technology Development Co., Ltd.), 7500 fluorescence quantitative PCR instrument (ABI), flow cytometry (FACSCanto II; American BD Company), RNA extraction kit (TRIzol and reverse transcription kit (Invitrogen; Thermo Fisher Scientific, Inc.), CCK-8 kit, (C0037; Beyotime Biotechnology), RIPA reagent, BCA protein kit, ECL luminescence kit, trypsin, Lipofectamine 2000 Transfection Reagent (89901, 23225, 32209, 90059, 11668030; American Thermo Scientific), Bax, caspase-3, Bcl-2 HPR-labeled goat anti-mouse IgG secondary antibody (AF820, AF835, AF810; R&D Systems, Inc.), Annexin V/PI apoptosis detection kit (40302ES20; Shanghai Yu Sheng Biotechnology Co., Ltd.).

### Statistical methods

Statistical analysis was performed by using SPSS 20.0 (Beijing Easybio Technology Co., Ltd.). The data was drawn by using GraphPad Prism 7 (Shenzhen Soft Network Co., Ltd.). Measurement data were expressed as mean number ± standard deviation (mean ± SD). Measurement data were compared by using independent sample t-test among groups. Multiple time-point data were compared by repeated measures analysis of variance, expressed as F. At P\<0.05, ROC was used to plot the diagnostic value of miR-144 in patients with osteosarcoma. Pearson\'s test analyzed the correlation between miR-144 and serum in the tissue. P\<0.05 indicates a statistically significant difference.

Results
=======

### Expression of miR-144 in osteosarcoma tissues and normal bone tissues in osteosarcoma and normal human serum

The relative expression of miR-144 in osteosarcoma tissues and normal bone tissues were 0.763±0.214 and 1.546±0.483, respectively. The relative expression of miR-144 in osteosarcoma tissues was significantly lower than that in normal bone tissue (t=10.530, P\<0.001). The relative expression of miR-144 in osteosarcoma and normal human serum were 1.163±0.514 and 1.974±0.612, respectively. The relative expression of miR-144 in osteosarcoma serum was significantly lower than that in normal human serum (t=6.947, P\<0.001) ([Fig. 1](#f1-ol-0-0-11197){ref-type="fig"}).

### Relationship between miR-144 in osteosarcoma tissues and clinicopathological features of patients

There was no significant difference in the expression of miR-144 in osteosarcoma tissues in terms of sex, age, grade of malignancy, pathological types, or degree of pathological differentiation (P\>0.05) ([Table I](#tI-ol-0-0-11197){ref-type="table"}).

### Correlation of miR-144 expression between serum and tumor tissues

We analyzed the relationship between serum and cancer tissues and miR-144 expression by Pearsons correlation and found that the serum of patients was positively correlated with the cancer tissue miR-144 expression (r=0.688, P\<0.001) ([Fig. 2](#f2-ol-0-0-11197){ref-type="fig"}).

### Diagnostic value of miR-144 in patients with osteosarcoma

ROC curve was drawn to analyze the diagnostic value of miR-144 in patients with osteosarcoma through expression of miR-144 in patients with osteosarcoma and normal population. It was found that the area under the miR-144 curve was 0.852, 95% CI, 0.768--0.936 ([Fig. 3](#f3-ol-0-0-11197){ref-type="fig"} and [Table II](#tII-ol-0-0-11197){ref-type="table"}).

### Expression of miR-144 in osteosarcoma cell line

The expression of miR-144 in each group was detected. It was found that the relative expression levels of miR-144 in hFOB1.19, MG-63 and U2-OS were 3.637±0.534, 0.852±0.274, 0.726±0.242, respectively. The relative expression of miR-144 in MG-63 and U2-OS cells was significantly lower than that in hFOB1.19 cells (P\<0.001), while the relative expression of miR-144 in U2-OS cells was significantly lower than that in MG-63 cells (P\<0.05). U2-OS cells were transfected with miR-144-mimics. The results showed that the relative expression of miR-144 in U2-OS cells of mimics group was significantly higher than that of inhibitor group and NG group (P\<0.001) and the relative expression of miR-144 in U2-OS cells of inhibitor group was significantly lower than that in mimics group and NG group (P\<0.001) ([Fig. 4](#f4-ol-0-0-11197){ref-type="fig"}).

### Effect of miR-144 on proliferation and apoptosis of U2-OS cells

The proliferation and apoptosis of cells after transfection was detected. The results showed that the proliferation ability of U2-OS cells transfected with miR-144-mimics was significantly inhibited and the apoptosis rate was significantly increased (P\<0.05) ([Fig. 5](#f5-ol-0-0-11197){ref-type="fig"}).

### Detection of apoptosis protein by WB

WB detection was performed. It was found that the expression of Bcl-2 protein was significantly decreased and the expression of Bax and caspase-3 protein was significantly increased by the expression of Bax, caspase-3 and Bcl-2 proteins in U2-OS cells transfected with miR-144 (P\<0.05) ([Fig. 6](#f6-ol-0-0-11197){ref-type="fig"}).

Discussion
==========

Osteosarcoma, the most common of primary malignant bone tumors, originates from formation of mesenchymal cells by normal bone and is characterized by the direct formation of immature bone or osteoid tissue by tumor cells ([@b16-ol-0-0-11197]). Classic osteosarcoma is a rare, highly malignant tumor with an estimated incidence of 3 cases/million population/year. Osteosarcoma mainly occurs in long bones and rarely occurs in soft tissues. A few years ago, all patients with osteosarcoma were treated with surgery, but the cure rate was \<10% ([@b17-ol-0-0-11197]). Almost all patients died within one year after diagnosis and the disability rate and mortality were high ([@b18-ol-0-0-11197]). With the gradual development of molecular biology, miRNA has become a molecular biology indicator for the treatment strategy and prognosis of osteosarcoma ([@b19-ol-0-0-11197]). The occurrence and deterioration mechanisms of osteosarcoma has not been elucidated, but the proliferation and apoptosis of tumor cells is one of the mechanisms of osteosarcoma ([@b20-ol-0-0-11197]). Therefore, it is of great significance to explore the molecular biological markers closely related to the occurrence and deterioration of osteosarcoma for the diagnosis and molecular therapy of osteosarcoma.

miR-144 plays an important role in a variety of diseases ([@b21-ol-0-0-11197]). Studies by Zhao *et al* ([@b22-ol-0-0-11197]) showed that downregulation of miR-144 is associated with osteosarcoma cell growth and invasion by regulating TAGLA expression. Studies by Guo *et al* ([@b23-ol-0-0-11197]) showed that the downregulation of miR-144 increase the proliferation of bladder cancer cells by targeting EZH2 and regulating Wnt signaling conduction. The results confirmed that the expression levels of miR-144 were downregulated in bladder cancer, which was similar to the results of our study, indicating miR-144 is downregulated in cancer tissues. In this study, the expression of miR-144 in osteosarcoma was significantly lower than that in normal bone tissue and the expression of miR-144 in serum of osteosarcoma patients was also significantly lower than normal level, thus, the expression trend in serum was consistent with that in tissues. Cao *et al* ([@b24-ol-0-0-11197]) showed that, miR-144 was significantly reduced in hepatocellular carcinoma tissue and cell lines. Forced overexpression of miR-144 significantly reduced cell proliferation and increased apoptosis of cells, which was similar to our results. It indicated that miR-144 may also play an important role in the occurrence and deterioration of osteosarcoma. Subsequently, we conducted correlation analysis based on the expression of serum of patients and the expression of miR-144 in the cancer tissues, and the results showed that the serum of patients was positively correlated with the expression of miR-144 in the cancer tissues. The ROC curve was drawn to analyze the diagnostic value of miR-144 in patients with osteosarcoma through the expression of miR-144 in patients with osteosarcoma and normal population. It was found that the area under the miR-144 curve was 0.852, 95% CI, 0.768--0.936. This indicated that miR-144 can be used as a diagnostic indicator for patients with osteosarcoma. Then the expression of miR-144 was examined in osteosarcoma cell lines and it was found that the relative expression of miR-144 was the lowest in U2-OS. By further transfection, the relative expression of miR-144 in U2-OS cells of mimics group was significantly higher than that in inhibitor and NG groups. The proliferation ability of U2-OS cells transfected with miR-144-mimics was significantly inhibited and the apoptosis rate was significantly increased. In the study of Wang *et al* ([@b25-ol-0-0-11197]), miR-144 was also significantly downregulated in osteosarcoma cell lines and clinical specimens. The decrease of miR-144 expression in osteosarcoma was closely related to disease progression and metastasis. It indicated that miR-144 can be used as a potential target for the treatment of osteosarcoma. Overexpression of miR-144 can inhibit cell proliferation, promote apoptosis of cells and it has been mutually verified with our previous experiments. Finally, WB detection was performed. The detection results showed that the pro-apoptotic protein Bax and caspase-3 were elevated and the anti-apoptotic protein Bcl-2 was decreased by the expression of Bax, caspase-3 and Bcl-2 proteins in U2-OS cells transfected with miR-144. Therefore, there is a targeted regulation relationship between miR-144 and Bax, and caspase-3 and Bcl-2.

In this study, we preliminarily proved that miR-144 can promote apoptosis by regulating Bax, caspase-3 and Bcl-2 proteins. However, further study is required.

In conclusion, miR-144 may be involved in the occurrence and deterioration of osteosarcoma. In future, it is expected to become a potential indicator for the diagnosis and treatment of osteosarcoma.
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![Expression of miR-144 in osteosarcoma tissues and normal bone tissues. (A) Result comparison of the relative expression of miR-144 in osteosarcoma tissues and normal bone tissues. (B) Expression of miR-144 in osteosarcoma and normal human serum. Results of qRT-PCR showed that the relative expression of miR-144 in osteosarcoma tissues was significantly lower than that of normal bone tissue (t=10.530, P\<0.001). The relative expression of miR-144 in serum of patients with osteosarcoma was significantly lower than that of normal subjects (t=6.947, P\<0.001). \*\*\*P\<0.001.](ol-19-02-1530-g00){#f1-ol-0-0-11197}

![Correlation of serum and tumor tissues with miR-144 expression. Serum of patients was positively correlated with miR-144 expression in cancer tissues (r=0.688, P\<0.001).](ol-19-02-1530-g01){#f2-ol-0-0-11197}

![Diagnostic value of miR-144 in patients with osteosarcoma. The area under the miR-144 curve was 0.852. When the specificity is 88.24% and the sensitivity is 73.81%, the optimal cut-off point is 1.612 and the youden index is 62.05%.](ol-19-02-1530-g02){#f3-ol-0-0-11197}

![Expression of miR-144 in osteosarcoma cell line. (A) Relative expression level of miR-144 in hFOB 1.19, MG-63, U2-OS. (B) Expression of miR-144 in U2-OS cells after transfection. The expression of hFOB 1.19 is higher that that of MG-63 and U2-OS. \*\*\*P\<0.001. The expression of MG-63 is higher that that of U2-OS. \*P\<0.05.](ol-19-02-1530-g03){#f4-ol-0-0-11197}

![Effect of miR-144 on proliferation and apoptosis of U2-OS cells. (A) Proliferation of U2-OS cells after transfection. (B) Apoptosis of cells after transfection. The apoptosis rate of miR-144-mimics is higher than that of miR-NC and miR-144-inhibitor. \*\*\*P\<0.05.](ol-19-02-1530-g04){#f5-ol-0-0-11197}

![Detection of apoptosis protein by WB. Results show that the pro-apoptotic protein Bax and caspase-3 are elevated and the antiapoptotic-protein Bcl-2 is decreased. \*P\<0.05.](ol-19-02-1530-g05){#f6-ol-0-0-11197}

###### 

Relationship between miR-144 in osteosarcoma tissues and clinicopathological features of patients.

  Category                                 n (51)   miR-144       F/t-value   P-value
  ---------------------------------------- -------- ------------- ----------- ---------
  Sex                                                             1.759       0.085
    Male                                   27       0.672±0.194               
    Female                                 24       0.763±0.173               
  Age (years)                                                     0.889       0.378
    ≤15                                    26       0.815±0.139               
    \>15                                   25       0.778±0.158               
  Grade of malignancy                                             1.464       0.242
    Grade 1                                13       0.724±0.139               
    Grade 2                                20       0.703±0.143               
    Grade 3                                18       0.636±0.156               
  Pathological types                                              2.270       0.093
    Osteoblastic type                      12       0.633±0.158               
    Chondroblastic type                    13       0.648±0.162               
    Fibroblastic type                      16       0.673±0.160               
    Mixed type                             10       0.795±0.156               
  Degree of pathological differentiation                          0.931       0.401
    Well differentiated                    12       0.825±0.196               
    Moderately differentiated              25       0.767±0.185               
    Poorly differentiated                  14       0.741±0.178               

###### 

ROC curve data.

  Index   AUC     95% CI         Specificity   Sensitivity   Youden index   Cut-off
  ------- ------- -------------- ------------- ------------- -------------- ---------
  VEGF    0.852   0.768--0.936   88.24%        73.81%        62.05%         \>1.612

AUC, area under curve; cut-off, cut-point; ROC, receiver operating characteristics; VEGF, vascular endothelial growth factor.
